Objectives-Cholesterol efflux is achieved by several mechanisms. This study examines contributions of these pathways to efflux to human serum. Methods and Results-Human fibroblasts were stably transfected with SR-BI while ABCA1 was upregulated.
T he process of removing excess cholesterol from peripheral tissues has been termed reverse cholesterol transport (RCT), and cellular cholesterol efflux is the first step in RCT. 1, 2 A number of different pathways have been identified by which unesterified/free cholesterol (FC) is removed on incubation with serum lipoproteins or apolipoproteins. 3 A passive process depending on aqueous diffusion occurs in all cell systems and is driven by cholesterol concentration gradients. 4 A number of active pathways that are linked to the presence of specific efflux proteins have been identified. These proteins include scavenger receptor class B type I (SR-BI) 5, 6 and a range of ATP-binding cassette (ABC) transporters, ABCA1, 7,8 ABCG1, and ABCG4. 9,10 SR-BI preferentially mediates the flux of FC to larger phospholipidrich high-density lipoproteins (HDL), 11 whereas ABCA1 prefers small pre␤-HDL and lipid-poor apolipoproteins (apo) such as apoA-I, apoE, and apoA-IV. 12 Many studies on efflux have used purified acceptor particles such as HDL or lipid-free apolipoproteins. Fewer studies have used whole serum. When whole serum is used, individual variation in factors such as lipoprotein profile and composition determine the efficiency of cholesterol efflux. Previous studies show that changing the concentration, size, and compositions of lipoproteins and, in particular HDL, changes the efflux potential of serum. 13, 14 To date there has been no way of directly comparing the contribution of the various efflux pathways when cells are exposed to whole serum. Early studies investigating SR-BImediated and ABCA1-mediated cellular cholesterol efflux have used different cell systems. Hence, it has been difficult to obtain a direct comparison of the relative contributions of different efflux pathways when cells are exposed to whole serum that comprises a mixture of cholesterol acceptors.
In this study, we have quantitated efflux from sublines of a transformed human embryonic fibroblast cell line, WI38VA13, that express ABCA1, SR-BI, both, or no efflux proteins. Comparative efflux values were obtained when these cells were exposed to lipid-free apoA-I, reconstituted HDL (rHDL), or human serum. In addition, we have used the SR-BI inhibitor BLT-1 15, 16 and the ABCA1 inhibitor Probucol 17 to determine the contribution of the efflux pathways when the fibroblasts were incubated with serum. The inhibitors were also used on cholesterol-enriched mouse macrophages to determine the contribution of efflux pathways to serum.
Methods

Probucol and BLT-1 Solutions
BLT-1 (2-hexyl-1-cyclopentanone thiosemicarbazone) was purchased from ChemBridge (San Diego, Calif) and Probucol from Sigma (St. Louis, Mo). Both were dissolved in 100% DMSO to form a 10 mmol/L stock solution. The stock solution was diluted to a 10 mol/L BLT-1, 0.2% bovine serum albumin (BSA) MEM-hepes solution, and 20 mol/L Probucol, 0.2% BSA MEM-hepes solution. When preparing a solution with both BLT-1 and Probucol, BLT-1 was diluted to a concentration of 10 mol/L BLT-1 plus 20 mol/L Probucol with 0.2% BSA in MEM-hepes. Control preincubation solution consisted of 0.2% BSA MEM-hepes. All solutions contained the same amount of DMSO. Please see http://atvb.ahajournals.org and figure legends for more methodological details.
Results
One of the goals of this study was to develop a cell culture system that would allow the quantitation of individual cholesterol efflux pathways when cells are exposed to the mixture of lipoproteins and apolipoproteins present in serum. For this purpose we selected WI38VA13 human embryonic lung fibroblasts transformed by SV40 virus. 18
Demonstration of ABCA1 and SR-BI in WI39VA13 Fibroblasts
To establish that WI38VA13 cells express the appropriate efflux proteins, cell lysates were made for Western blot analysis. Untreated wild-type (WT) cells have no discernable SR-BI or ABCA1 ( Figure 1A ). However, when WT cells were treated with 9cisRA/22-OH, a band of 210 kDa corresponding to ABCA1 was observed ( Figure 1A ). WI38VA13 SR-BI 19 showed no ABCA1 band but exhibited expression of SR-BI ( Figure 1A ). When this subline was treated with 9cisRA/22-OH, both ABCA1 and SR-BI were seen ( Figure  1A) . In contrast to J774 macrophages, untreated WI38VA13 cells showed no detectable expression of ABCG1 ( Figure  1B ). Even when treated with 9cisRA/22-OH, ABCG1 could not be detected (unpublished data, 2005) .
Cholesterol Efflux to Human Serum Supplemented With HDL 3 or Lipid-Free ApoA-I
To validate that cholesterol efflux from WI38VA13 cells responded to changes in either HDL or apoA-I concentration, we measured efflux using a pool of human serum supplemented with increasing concentrations of HDL 3 or lipid-free apoA-I. When WT cells, containing neither ABCA1 nor SR-BI, were incubated with serum supplemented with either HDL 3 or apoA-I, there was only a small increase in efflux at higher HDL 3 concentrations (Figure 2A ). This result is consistent with lack of both ABCA1 and SR-BI in the cells. When untreated WI38VA13 expressing SR-BI were incubated with serum plus apoA-I, or HDL 3 , efflux increased with increasing HDL 3 , whereas that of serum plus apoA-I remained unchanged ( Figure 2B ), as expected with cells expressing SR-BI. When cells were stimulated with 9cisRA/ 22-OH, efflux to serum plus apoA-I increased significantly with concentration of apoA-I, whereas supplementation with HDL 3 had no significant effect ( Figure 2C ). In WI38VA13 expressing SR-BI and treated with 9cisRA/22-OH, there was an increase in efflux to serum containing increased levels of HDL 3 ( Figure 2D ). This increase was reduced when compared with that obtained with expression of only SR-BI (compare Figure 2B to 2D). The elevation observed with apoA-I supplementation was considerably reduced when compared with efflux obtained when only ABCA1 was expressed (compare Figure 2D to 2C).
Cellular Cholesterol Efflux to rHDL, Lipid-Free ApoA-I, and Serum in WI38VA13 Sublines
By using 4 different WI38VA13 cells systems (ie, no efflux proteins, ABCA1, SR-BI, both ABCA1 and SR-BI) we were able to compare efficiency of two proteins known to mediate cholesterol efflux when exposed to either lipid-free apoA-I ( Figure 3A ), rHDL particles containing apoA-I and phosphatidylcholine ( Figure 3B ) or 2.5% serum ( Figure 3C ). When apoA-I was the extracellular acceptor, efflux from WT-expressing and SR-BI-expressing cells was low (WTϭ0.51%Ϯ0.03; SR-BIϭ0.65%Ϯ0.03 per 4 hours). Expression of ABCA1 enhanced this efflux to 2.4%Ϯ0.16 every 4 hours and this value was reduced to 2.0Ϯ0.09 every 4 hours (Pϭ0.03) when both proteins were present.
Even in the absence of both proteins, efflux to rHDL was 5-fold greater than obtained with lipid-free apoA-I ( Figure  3A and 3B). The most dramatic difference between apoA-I and rHDL occurred when SR-BI was present, either alone or with ABCA1. With SR-BI expression, efflux increased to 14.6%Ϯ0.7 every 4 hours ( Figure 3B ). Thus, with WT cells or a cell having SR-BI, efflux to a particle containing both apoA-I and phospholipid was much higher than with apolipoprotein alone.
Few studies have been conducted using whole serum that contains a mixture of potential acceptors. The data shown in Figure 3C illustrate the efflux observed when WI38VA13 sublines were exposed to pooled human serum at a concentration of 2.5%. Expression of ABCA1 enhanced efflux by 63%, whereas expression of SR-BI resulted in a 288% increase in efflux ( Figure 3C ). As was noted earlier ( Figure  2D ), upregulation of ABCA1 in cells expressing SR-BI reduced efflux to the human serum when compared with SR-BI expression alone ( Figure 3C ).
Inhibition of ABCA1-and SR-BI-Mediated Efflux by BLT-1 and Probucol
To gain quantitative data on the contribution of efflux pathways, we used 2 inhibitors previously shown to block either ABCA1-mediated or SR-BI-mediated efflux. Probucol is a effective inhibitor of the ABCA1 pathway 17 and is very specific for inhibiting ABCA1 with no effect on SR-BImediated efflux. 17 BLT-1 is a low-molecular-weight compound that Nieland et al 15, 16 have shown to be an inhibitor of SR-BI selective uptake and FC flux. To examine specificity and efficiency of these inhibitors, we pretreated cells for 2 hours before initiation of efflux. Cells upregulated for ABCA1 were incubated with apoA-I, whereas cells expressing SR-BI were incubated with rHDL. Treatment with BLT-1 was not completely specific for SR-BI-expressing cells because it depressed efflux to apoA-I from ABCA1 expressing cells by Ϸ30% ( Figure 4A ). Pretreatment with Probucol was effective in reducing ABCA1-mediated efflux with Ϸ85% inhibition. The combination of both inhibitors resulted in a small increase in inhibition above that seen with Probucol alone.
A similar series of studies was performed using SR-BIexpressing WI38VA13 incubated with rHDL as the extracellular acceptor ( Figure 4B ). Pre-exposure to BLT-1 was very effective in reducing efflux (100% inhibition), whereas Probucol produced essentially no inhibition. No observable cell toxicity by the inhibitors was seen. hours at 37°C with [ 3 H]cholesterol-labeled WI38VA13 sublines expressing different combinations of proteins. 1% pooled human serum was supplemented with either apoA-I or HDL so that only the concentration of these components was increased and the other plasma factors remained constant. HDL and apoA-I were added at protein amounts equivalent to 2-, 3-, and 4-times that found 1% serum (9.6, 19.2, 28.8, and 38.4 g/mL for HDL protein and 10, 20, 30, and 40 g/mL for apoA-I, respectively). Unsupplemented serum is 1 on the x-axis; % efflux is relative to the efflux seen with unsupplemented serum that was set equal to 100%. This actual efflux value to 1% serum was 0.98% for WT WI38VA13 (A), 4.54% for SR-BI-expressing WI38VA13 (B), 2.24% for WT WI38VA13 treated with 9cisRA/ 22-OH (C), and 4.35% for SR-BI-expressing WI38VA13 treated with 9cisRA/22-OH (D). All data points are the meanϮSD of 3 separate values.
Figure 3.
Cholesterol efflux in the WI38VA13 sublines expressing different proteins to lipid-free apoA-I, rHDL, or 2.5% human serum. Sublines selectively expressing no proteins (WT), ABCA1 only (ABCA1), SR-BI only (SR-BI), or both ABCA1 and SR-BI (ABCA1/SR-BI) were labeled with [ 3 H]cholesterol as described in Methods. Sublines were incubated for 4 hours with apoA-I (10 g/mL) (A), rHDL (50 g phospholipid/mL; 20 g protein/mL) (B), or 2.5% whole human serum (C). *PϽ0.0001; **Pϭ0.005.
Quantitation of ABCA1-Mediated and SR-BI-Mediated Efflux to Serum Using BLT-1 and Probucol
Having established that Probucol and BLT-1 were both effective inhibitors of cell cholesterol efflux, we used these compounds to determine the contribution of ABCA1, SR-BI, and other pathways to efflux from fibroblasts exposed to human serum.
Using BLT-1 and Probucol pretreatment of the fibroblasts, the calculated efflux to 2.5% human serum was determined and compared with control cells not treated with inhibitors ( Figure 5) . The difference between efflux obtained with cells treated with an inhibitor, compared with similar untreated cells represents the contribution of the specific membrane protein to efflux. For example, in a representative experiment the efflux from SR-BI-expressing cells to serum was 6.3% per 2 hours, whereas the efflux with similar cells pretreated with BLT-1 was 2.1% every 2 hours. These values were very similar to those of cells pretreated with both inhibitors. Thus, contribution of SR-BI was 4.2% every 2 hours, or 67% of total efflux ( Figure 5A ). Probucol had no effect on efflux, indicating that ABCA1 was not contributing to total efflux from these SR-BI expressing cells, confirming the lack of ABCA1.
Using a similar approach, we determined the contribution of ABCA1 to efflux from ABCA1-expressing fibroblasts when incubated with serum ( Figure 5B ). In this case ABCA1 contributed 26% of total efflux as demonstrated by the reduction of total efflux of 2.7% every 2 hours to 2.0% every 2 hours after exposure to Probucol. A similar reduction was obtained with the combination of inhibitors. The 11% reduction obtained on BLT-1 treatment is consistent with partial reduction previously observed ( Figure 4A) . Figure 5A and 5B show considerable efflux occurs from both types of cells even when they are pretreated with a combination of inhibitors. With SR-BI this "background" or "uninhibitable" efflux accounts for Ϸ40% of total efflux to 2.5% serum. For ABCA1-expressing fibroblasts, uninhibitable efflux accounts for Ϸ65% of total efflux. It should be noted that although total efflux values from cells expressing either protein were very different (compare control values in Figure 5A and 5B), the uninhibitable values were similar (compare BLT-1/Probucol in Figure 5A and 5B). Thus, considerable cholesterol efflux is occurring by pathway(s) not involving either ABCA1 or SR-BI.
To establish that time of the efflux period did not influence interpretation of data, efflux from cells expressing both ABCA1 and SR-BI was measured over a 6-hour period. The differences in t 1/2 values were consistent with inhibition data collected at other time points ( Figure I , available online at http://atvb.ahajournals.org).
To establish the relationships between serum concentration and components that contributed to cholesterol efflux (ie, Probucol-inhibited ABCA1, BLT-1-inhibited SR-BI, and uninhibitable), we incubated WI38VA13 cells with increasing concentrations of serum ( Figure II , available online at http:// Figure 4 . The effectiveness of BLT-1 and Probucol on cholesterol efflux to lipid-free apoA-I and rHDL. Radiolabeled WI38VA13 fibroblasts, expressing either ABCA1 or SR-BI, were pretreated for 2 hour with media, BLT-1 (10 mol/L), Probucol (20 mol/L), or both BLT-1 (10 mol/L) and Probucol (20 mol/L) before an efflux period of 2 hours with apoA-I (10 g/mL) (A) or rHDL (50 g phospholipid/mL) (B). Inhibition was calculated as cholesterol efflux from cells treated with the respective inhibitors, as percentage of efflux from cells incubated without inhibitors. atvb.ahajournals.org). SR-BI-mediated efflux increased linearly ( Figure IIA) . There was a linear increase in the uninhibited efflux that contributed 30% to 40% of total efflux. With ABCA1-expressing cells, total efflux was approximately one-third that of SR-BI-expressing cells ( Figure  IIB) . The uninhibited contribution to total efflux was very large, ranging from 67% to 81% as serum concentration increased. ABCA1 contribution to total efflux was small and unchanged by serum concentration. With both SR-BI-expressing and ABCA1-expressing cells, the level of uninhibited efflux ranged from 2% every 2 hours at 2.5% serum to 4% every 2 hours at 7.5% serum. Thus, the inhibitor resistant component of efflux was serum concentration dependent and unaffected by the presence of either SR-BI or ABCA1.
Quantitation of ABCA1-Mediated and SR-BI-Mediated Efflux to Serum in the J774 and MPM
Efflux inhibitors were used on cholesterol-enriched J774 and MPM to quantitate contributions of different efflux mechanism. Conditions were similar to those used for fibroblasts with the exception that the ACAT inhibitor was not used and the cells were cholesterol-enriched because we wanted the macrophages to model foam cells. In preliminary experiments, Probucol inhibited 80% of ABCA1-mediated efflux to apoA-I. This was determined as the reduction by Probucol of the difference in efflux between 9cisRA/22-OH-treated cells and untreated cells. The selectivity of BLT-1 for SR-BI in macrophages was demonstrated by an experiment using MPM from SR-BI knockout mice in which BLT-1 had no effect on efflux to rHDL. Based on MPM inhibitor results, the contribution of ABCA1 and SR-BI to total efflux to serum was minor (18Ϯ6.5% and 6Ϯ5.9%, respectively). The uninhibited efflux was the main contributor to total efflux with 87Ϯ3.9% over 4 hours ( Figure 6A ). With cholesterolenriched J774 (Figure 6B ), the contributions of SR-BImediated and ABCA1-mediated efflux to total efflux were also small (10Ϯ5.4% and 14Ϯ0.8%, respectively). As with MPM, in J774 the uninhibited efflux also comprised the majority of the efflux (76Ϯ0.7%) ( Figure 6B ).
Discussion
The first well-studied mechanism mediating cholesterol release from cells was aqueous diffusion. This is an unmediated process in which cholesterol desorbs into the aqueous phase and is incorporated into phospholipid-containing acceptors. 4 Because this is a bidirectional process, net movement of FC between the cellular compartment and acceptor is governed by cholesterol gradients determined by cholesterol and phospholipid contents and composition of cells and acceptor. 19, 20 It has become clear that efflux is a more complex process and there are a number of pathways in which efflux is mediated by cell proteins including SR-BI, 21 ABCA1, 7, 8, 22 and more recently ABCG1. 9, 10 These proteins all play important roles in cholesterol metabolism, as is demonstrated by the extensive pathology exhibited in animals in which these proteins are either absent or overexpressed. [23] [24] [25] [26] Despite extensive studies on cholesterol flux, there have been no detailed comparisons quantitating the contribution of each of the efflux pathways using a single cell system. Additionally, almost all studies on efflux have used single, purified particles such as HDL or apoA-I. In this investigation we addressed the following questions. What are the relative efficiencies of SR-BI and ABCA1 when expressed in a cell system either alone or in combination? What are the efficiencies of purified acceptor particles under conditions in which efflux proteins expression is controlled? What are the contributions of efflux pathways when cells are exposed to mixtures of lipoproteins and apolipoproteins present in serum? To accomplish these aims, we have used human fibroblasts and mouse macrophages. Untreated, WI38VA13 cells express no SR-BI, have low expression of ABCA1 ( Figure 1A) , and do not appear to express ABCG1 ( Figure 1B ). If pretreated with LXR/RXR ligands, there is a marked expression of ABCA1 ( Figure 1A) . We also have a subline of WI38VA13 that express SR-BI 19 (Figure 1A) . Treatment of SR-BI cells with 9cisRA/22-OH increases expression of ABCA1 without effecting SR-BI protein levels. Because of different antibodies used to detect ABCA1 and SR-BI, we were unable to compare the relative protein expression of efflux proteins in the sublines; however, high expression levels are present in both cases.
To establish that sublines of WI38VA13 cells responded to acceptors as would be predicted based on efflux proteins that were expressed, efflux from WT and sublines was measured with cells incubated in 1% human serum and the same serum supplemented with increasing concentrations of HDL 3 or apoA-I (Figure 2 ). The pattern of cellular efflux was consistent with the pattern of efflux protein expression. WT cells were unresponsive to supplementation with either HDL 3 or apoA-I. SR-BI-expressing cells were highly responsive to MPM that have been cholesterolenriched using acLDL were pretreated with efflux inhibitors as described. After pretreatment cells were incubated for 4 hours with 2.5% human and cholesterol efflux determined (A). Efflux to human serum from J774 that was cholesterolenriched using acLDL was pretreated with efflux inhibitors. Cholesterol efflux over 4 hours was determined when cells were incubated with 2.5% human (B). *PϽ0.02; **Pϭ0.002. All data are the meanϮSD, nϭ3. enrichment of serum with HDL 3 but showed no increase in efflux when apoA-I was raised. This response pattern was reversed on upregulation of ABCA1. In these experiments, the serum was added at only 1% to ensure that added apoA-I would not entirely associate with serum lipoproteins and some of the added apolipoprotein would remain sufficiently lipid-free to enhance ABCA1-mediated efflux. The coexpression of both proteins reduced the stimulatory effect of supplementation with apolipoprotein or HDL 3 . The reduction of ABCA1-mediated efflux in cells expressing SR-BI is consistent with earlier studies demonstrating a similar phenomenon 27 and that SR-BI overexpression had no effect on ABCA1 mRNA; this is consistent with our observation that there was no reduction in protein expression of ABCA1 when SR-BI was coexpressed. It is evident that coexpression of the 2 proteins reduces SR-BI-mediated efflux as well.
A comparison of the extent of efflux to the different acceptors (compare Figure 3A to 3B) illustrates that rHDL is a more efficient acceptor than lipid-free apolipoprotein. This difference in efflux can perhaps be explained by a disparity in protein expression; however, this has been observed previously in other cell systems and persists over a wide range of acceptor concentrations. The difference becomes more pronounced as acceptor concentration increases because ABCA1 efflux is saturatable at low apoA-I concentrations (Ϸ10 g/mL), 28 whereas SR-BI-mediated efflux of FC does not saturate. 29 Although ABCA1 efflux is low compared with SR-BI, it is a unidirectional process so it represents net movement of cholesterol from donor cells. This is also the case with rHDL, but this would not apply to native HDL. With cholesterol-containing lipoproteins net cholesterol flux cannot be predicted; however, net efflux can occur under conditions where there is both influx and efflux of cholesterol. 13, 19 Efflux of cholesterol to serum is more complicated than with purified acceptors because serum contains a variety of potential acceptors. When serum was used as an acceptor, expression of ABCA1 resulted in a modest increase in cholesterol efflux ( Figure 3C ). The increase promoted by SR-BI expression was more dramatic with efflux being Ϸ3-fold greater than that obtained with control fibroblasts ( Figure 3C) .
To quantitate the contribution of individual efflux pathways to total cholesterol efflux to serum we used BLT-1 and Probucol to specifically inhibit protein-mediated efflux. Figure 4 illustrates the high degree of specificity of these compounds. Studies have shown that Probucol rapidly and specifically inhibits ABCA1-mediated efflux. 17, 30 The mechanism by which BLT-1 inhibits SR-BI-mediated FC efflux and CE selective uptake is not as well understood. 16 In our experiments, BLT-1 produced a modest inhibition of ABCA1-mediated efflux. In a study by Nieland et al, 16 BLT-1 did not inhibit ABCA1; however, other BLT compounds did demonstrate some cross-inhibition. The difference between the studies may be related to different cell types.
With cells expressing either protein total efflux is linearly associated with serum concentration. SR-BI-mediated efflux demonstrates such linearity ( Figure IIA) , whereas ABCA1-mediated efflux is largely independent of serum concentration at concentrations Ͼ2.5% ( Figure IIB) . What is particularly striking about these efflux protein inhibitor studies is that with all of the fibroblast sublines, there is a significant portion of the total efflux to serum that is uninhibitable and represents background efflux. Thus, even though total efflux to serum from ABCA1-expressing cells is Ϸ50% that of SR-BI-expressing cells ( Figure 5A and 5B) , the fractional efflux from cells treated with the combination of inhibitors is essentially the same, Ϸ2% per 2 hours. Uninhibited, or background, efflux remains a constant fraction of total efflux over an entire incubation period of 6 hours. The contribution of this background efflux to total efflux can be very high if total efflux is low, as in cells expressing only ABCA1, in which uninhibited efflux is 70% of total and linear with increasing serum concentration ( Figure IIB) . Even when SR-BI expression stimulates total efflux, the uninhibitable component is a significant fraction of total (Ϸ35%), and this fractional contribution is relatively constant over serum concentrations ranging from 2.5% to 7.5% ( Figure IIA) . In all studies with the fibroblasts, an ACAT inhibitor was used to insure that differences in cell cholesteryl ester content did not influence comparative efflux data between sublines because expression of SR-BI can increase cholesteryl ester content. 31, 32 However, the mouse macrophages were used as model foam cells and thus were cholesterol-enriched in the absence of an ACAT inhibitor. When efflux inhibitors were used on cholesterol-enriched MPM and J774 the fraction of SR-BI-mediated and ABCA1-mediated efflux was relatively small, with most of total efflux reflecting uninhibited efflux ( Figure 6 ). Previous studies 33 have shown that SR-BI expression decreases with cholesterol loading and this is supported by the observation that SR-BI contribution to total efflux to serum is reduced on loading in these macrophages (unpublished data, 2005) . The contribution of ABCA1 to total efflux is also minor relative to the uninhibited efflux. The contribution of ABCA1 would be proportional to the concentration of lipid-poor/free apolipoprotein and this is low in serum at 2.5%. Because these cells were cholesterol-loaded, it is likely that some fraction of this uninhibited efflux is caused by ABCG1. The extent to which ABCG1 contributes to efflux from macrophages to serum has not been established.
The nature of the background/uninhibitable efflux remains to be determined. A number of characteristics of this pathway(s) are known. Background efflux requires phospholipidcontaining acceptors and is directly correlated with concentration of serum in the medium. The fractional efflux contributed by this uninhibited pathway/s from the sublines was constant regardless of the type of protein expressed, or even if neither ABCA1 nor SR-BI was expressed. To eliminate the possibility that the high levels of 9cisRA were artificially inducing the uninhibited efflux, we compared 9cisRA to the synthetic ligand TO-901317. We observed that the level of uninhibited efflux was similar when the fibroblasts were upregulated with either 9cRA or TO-901317 ( Figure III , available online at http://atvb.ahajournals.org). In addition to ABCA1 and SR-BI, the number of proteins that are associated with cellular cholesterol efflux is growing, and
